Tht Zilog Z80 product line is a compJcic set of micro- 
coniputer^componenfs. developmeiu systems and support " 
SI jfiware. The 230 miaocomputer component set includes 
all of I he ctrcuits necessary lo build high-perfoimance 
microcumputer sysiemi with virtually no other logic ajid a 
minimuni number of low cost standard meinory eleTnenu. 

OtIis ZSO and Z80A CPLTs are third generatiort sinde chip 
inicropru&essors with UTirivLiled computauonal jiov^^er. This . 
increased computaiioiia! ]>ow€r results in higher sviient ' 
througli-puT and inore el ficient memoTy utilization when . 
compared to second generatiorL microprocessor^. In 
addiiioiK the ZSO und ZBOA CPU's are ^ery easy lu imple- 
ment into a system because of tlieif single voltage tequire- 
mcnt plus all output signals are fully decoded and timed to 
control standard mcmor>' or peripheral circuits. Tlie ciauii 
is implemented using an N-channeL ion implanted, silicon 
gate MOS prcvcess. 

Figure 1 Is a block diagram of ihe CPU. Figure 2 deiaih 
ihc tnrernal legisier configuration vthich contains 2 OS bits 
ji'Read/Wriie eii^mory tf;3i are accCiiibic lu ihc prugrajii- 
mer.i^he regjsiers include two wls of six general purpose 
registers ih;ii mjy be used individually as S-bit tegisieri or 
as 1 6-bit register pairs. There are also idvo set? of accumu* 
lator and flag regisiers. The programmer has access to eithei 
set of main or alieniaie registers Ehrougha group of ex- 
change insiructions. This alternate set allows foreground 
^ckground mode of operation or may be reserved for very 
fist Inierrupt response. Each CPU also contains a l6-bir; 
Slack poiiiier which permits simple implementation of 



multiple level interrupts, unlimited subro&^nc nesting and 
simplification of many types of data handling. 

The two 16-bit index registers allow titular data manipu- 
lation and eas\' imt>Umentation of relocatable code. The 
Refresh register provides for automatic, totally transparent 
refresh of external dynamic memories. The 1 register is used 
in a powerful inierrupt response mode to form the upper S 
bits of a pdiiuer tc^ a ihterrupi service address table . white 
the inte|rupJing device supplies tlie iower biLS of the 
pointer. An indireci call is then made to this service address. 



FEATURES ' - ' • 

• Single chip. N-chinnel Silicon CSite CPU. * 

• 1 58 instruct ions-includes all 78 of the S080A instruc- 
tions with total software compatibility. New instnic- 
fions include 4-. S- and 16-bit operations with more - 
u^et'ul addressing modes such as indexed, bit and relative, 

• 1 7 mternal reHiiters, - 

'V' 

• Threr mud^s of fjsi iiiJeaiipi r»i"Hj!i>:tf pluj n:>"- 
n:iaskabk interrupt. ■ 

• Directly interfaces standard speed static or dynamic 
memories with virtually no external logic, 

• l.ftjus instruction execution speed. ' 

• Sh^lc 5 V'DC supply and single-phase 5 volt Clock, 

« Oui-pcrforms any other single chip microcomputvi ii 
4-, 8% or 16-bii applications, - - ' ^ ^ 

• All pins TTL Compatible ' 

• Builwn dynamic EAM refrciih circyjtry, \ 
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280, 280A CPU SLOCK DIAGRAM 
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28 OA CPU REGISTERS 



Z80, Z80A-CPU Pin Description 
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280, Z80A CPU PIN COiMFlGURATfON 



(Address Bus) 



(Data Bus) 



[\ 

Ml 

(Machine 
Cyck one) 



(Memory 
Request) 



Tri-state output, active high: Aq-Aj 5 " 
constitute a 16-bit address bus. The 
address bus provides the address for 
iTiemory (up to 64K bytes) data ^ , 

exchanges and for I/O device data exchanges. 

** 

Tri-state input/output, active high. 
DQ-D7 constitute an B-bit bidtrecttonal 
d^ta bus. The daia bus is used for dai^ 



Output, active low. M j indicates thai the 
curreni mschine cycie is die OP code 
fetch cycle of an instruction execution, 

• . • - * - - 

Tri-state output, active low. The memory 
request sign^ indicates that the address 
bus holds a valid address for a memory 
read or memory write opera lion. 



lORQ 

(Input/ 

Output 

Request) 



RD • 

(Memory 

Read) 



WR 

(Memory 
Write; 



Tri-state output, active low. The iORQ 
signal indicates tkat the lower half of the 
address bis holds a valid I/O addr ess for 
a 1/0 read or write operation- An IORQ 
signal is aJso generated when an Interrupt 
is being acknowledged to indicate that an 
interrupt response vector can be placed 
on the data bus, , • ' . 



Tii-ttaU output, active low. RD indicates 
thai the CPU wants to read data from . 
memory or an I/O device. The addressed 
I/O device or memory should use this 
signal to gite data onto the CPU dau bus. 



Trf-slate output, active low, WR indicates 
that the CPU data bus holds valid data to 
be stored in the addressed memory or I/O 
device. 



RFSH 
(Refresh) 



HALT 
(Halt state) 



« A 



WAIT 
(Wait) 



JNT 

(Interrupt 
Request) 



NMI 

Maskable 

r 

Inter mpl) 



RESET 



BUSRQ 
(Bus 
Request) 



« 4 



BUSAK 
(Bus 

Acknowledge) 



Output, active low. RFSH indicates that 
th^^^owe^ 7 bits of the address bus con- 
tain a rcfr^h address for dynamic 
memories and the current MRiiQ signal, 
should be used to do a refresh read to all 
dynmnic memories. 



Output, active low. HALT indicates that 
the CPU has executed a HALT software 
instruction and is iwaiting either a non- - 
marble or a maskabk interrupt (with 
the mask enabled) before operation can 
resume. While halted, the CPU executes 
NOP's to maintain memory refresh 
activity. . 



Input, active low, WAIT indicates to the 
Z-80 CPU that the addressed memory or 
1/0 devices are not ready for a data 
transfer. The CPU continues to enter wrft 
states for as long as this signal is active* 

Input, active low. The Interrupt Request 
signal is generated by 1/0 devices, A 
request will be honored at the end of the 
current mst ruction if the intemai soft* 
ware ccBi trolled interrupt enable fUp-fiop 



Input, active [ow. The non*niaskable 
inte rrupt request line has a higher priority 
than INT and is always recognizi^d at the 
end of the curreni oistruciion, indepen* • 
dent of t he sta tus of the interrupt enable 
flip-Bop. NMI auiomaticaily forces the 
Z-80 CPU to restart lo locaiion 0066^j. 



Inputs active low, RESET initializes the 
CPU as follows: reset interrupt enable 
flip-flop, clear PC and registers 1 and R 
and set interrupt to 8080A mode. During 
reset lime, the address and data bus go to 
a high impedance state and all control 
output signals go to the inactive state. 

Input, active low. The bus request signal has 
a higher priority than NMI and b always rec- 
ognized al the end of thr^current machine 
cycle and is used to request the CPU addrett 
bus, data bus and tn*siaie output control 
signals to go to a high impedance state ^ 
that other devices can control these biisses.' 

Output, active low. Bus acknowledge is 
used to indicate to the requesting device 
that the CPU address bus, data bu^ and 
tri-staie control bus signals have been set 
to their high impedance state and the 
external device can now control these signals 



Tim in" Waveforms 



1 1 



Tlic progr^fm cn uiucr cum en t (PCi ii placed on tlie. ^ " 
addre:>^'^ bus immcdptdy ai. ihe sian of (he cyde. OnQ iiuir 
dock j ime bier MRl:Q^t?es acuve, Tlie fLillinii edge of 
MRHQ c;iri be u sed dtrecily as a chip enuble la dynamic 
memones. RD when aciive indicates iFiat the memorv' 
data should be enabled onto Uie CPU data bus. The CPU; 
samples data with the rising edge of the dock state T3. - 
Clock states T3 and T^of a fetch c>'cle are used 10 refresh - 
dynamic ntcmones whrtef*the CPU b inlernaily decoding 
and ex ecming the in^tructiun. Tlte refresh cuniToi signal 
RFSH Indjcates thai a refresh read of all dynamic memories 
should be aceornphdied. . . 



!WSTRUCTION OP CODE FETCH 
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MEMORY READ OR WRITE CYCLES 



lllusi rated here the liming of memory read or write 
cycles other than an OP code fetch (M | cycle}. The MEIHQ 
and RD :;i^nuls are uncd exacUv as in the feich cvcle. in 
I he case of n memory write cycle, the NiREQ niso becomes 
active when the addre^is bus is stable so that it can be used 
directly us a chip enable for dynamic memories. The WR 
line is active when data on the daia bus is stable so that it 
can be used directly a^i a R/W pulse to virtually any type of 
semiconducior memory- 
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INPUT OR OUTPUT CYCLES . 



Illustrated here is the timing for an I/O read or I'O wrire 
>peraii<m. Notice (hat during 1/0 operations a single wait 
staie is automatically inserted (Tw* J. The reason for this is 
that during I/O operations ihis extra state allows sufficient 
lime fo r an 1/0 port to decode its address and activate the 
WAfT line if a wait is required.^ ^ - 
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE 



I The interrupt Signal is sampled by the CPU with the 
i'ising edge of the last clock at the end of any instruct ion. ' 
- i^en an interrupt is accepted, a spe cial M j cycle is 
I generated. DuringjhisM j cycle, the lORQ signal becomes • 
active (instead of MREQj to indicate that the interrupting 
device can place an 8-bi! vector on the data bus. Two wait 
^'^tates (Tw*) are automatically added to this cycle so thai a 
;ipple priority interrupt scheme, such as the one used in the 
^Z80 peripheral controllers, can be ea^ly implemented. 
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The foliowiiitt is a sumniarv of the ZSO. Z80A in&tructibii 

set showing the assombly hjigitage mnemoiut: and the sym- 
bolic op*er3rion performed by Ehe instruction, A more de- t 
tailed fisting appears in the Zi^Q-CPU lecJmical nianual. and 
assembly bngua el* j>rderaiTiming manual. Tlie in^tr^ijg^ins 
are di¥idcd into ttfe following categories: * * 



d 

dd 



.... 



S-bit loads 
16-bit loads \" . \ - 
Exchanges *" - ♦ 
Memory Block Moves 
Memory Block Searches 
S-bit arithmetic and logic 
l6-bji arifhmeiic . " 

jQensral purpose Accumulator 



Miscelianeou 
Rotates andiSttfi^^ 
BitSeuRese 
Input ^11 d Outppt^ 
Jumps 
Calls . 
Restarts 
Returni ^ 




& Flag Operations 
In liie table the fcUowing lenninology is used, " ' ■ 

b ^ a bit number in any S-bit register or memt3r>' . W- 

location . » , ^ 

cc ^ llag condition code ' ' - ] ' ' ' . - 
NZ = non 7.ero ^ \ . . 

, \ Z ^ zero - . - 
NC = non carry 
C — carry - *' 
PO ^ Parity odd or il6 Over flow 
PE = Parity even or over flow 
P = Positive 
M = Negative (niirtus)* , 



T » 



h _ 



I Mnemonic I Symbolic Operation 



LD d, r 



LD d, n 



LD A,s 



LD d, A 



EX DE HL 
EX AF, AF' 
EXX ' 



EX (SP),ss 



d-r 



d u 



A^S 



d- A 



LD dd, nn 


dd nn . 


r 

LD dd,(im) 


-I- 


LDfnnKss 


1 : . 

(nnj ^ ss . • ' ' . 


LD SP, ss 


SP ss = . - * ' ' * 


PUSHss 


tSP"I) *^ ssy; iSP-2) ^'sS|^ 


POPdd , ' 


ddL^fSP):ddj^^(SP+l) 




Communis 



s^r.n,(HL), 
UX+e),(!Y+e> 

d = (HLLr 

(tX-^e).(IY^e) 

d = fHLL 
(lX+eK(IY+e| 

s = (Bn.(DEj. 
(iini, L R ": 

d = fBCj. (DE). 
(nn)J.R ' '■ 



dd = BC DE, 
HL.SP, tX. lY 

ddH BC.DE. ■ 
HL.SF, IX, lY 

ss = BC. DE, 
HL. SP. IX. lY 

ss^HL/lXJY 

ss=BC, DE, 
HL.AFJX.IY 

dd = BC,DE, 
HL. AFJX.rY 



ss-HL. IX JY 



s any 8-bit deslination regi^ter-liir memory location 
— any 16-bit destitiaiioii resfiste^or memory location 
.= 8-bit signed 2's complemt?nt IfcplacemeTit used in 
relative juinps and indexed addresjun^ * " , . 
L = S speciai call locations in pag^*ero. In' deciiml - t-. 

' * notation these are 0, 1 2ft32."40, 48 and 56 . 
it. s any 8-bit binar^^ number 
M : . = "any 16-bit binary number 

'^ tny 8-bil general purpDse^'regSlTTAv fi/C - 

;i . ^ = any 8-bit source register or niCfiiory locaiiDn / 
S|j ^ a bit in a specitlc 8-bit redster or memory location 

ss = any 16-bit source register lor memory location ■ ^ 
subscript "L'* = the low order S bits of a J643it register 
subscript "*Tr* b the hfdi order S bits of a 16-bit register 

I y . = ilie contents within the f ^^^are To be used as a 

pointer lu :\ menior\' location or 1^0 port nuniber 
8-bil regtsiers are A. B. D. E. H, L. I and R , 
Ici-bif register pairs are AF, BC\ DE and HL ' ' ' 

Ifi-bit registers are SP, PC. fX und lY , ' 

■ ' * .1 • * J ■ I 

J- p • * ' -I 

Addressiirig Modes implemented tnchide combinations of -. ' 



the following; 



Immediate 
Immediate extended 
Modified Page Zero 
Relauve - , 

Extended 



Indexed 
Register 
Implied 

Register Indirect 
Bit - 



> 



o 



< 

L ^ I 



o 



I 

so 



Mnemonic 


Symbolic Opera! iun 


Comments 


LDl , 


CDE)-iHL).DE -DE+l 
HL^HL+LBC -BC-l 


m 


LDIR. 


CDE}*-(HLk DE-DE+I 






HL-HL+l.BC ^ BC-I 


m M 




Repeal untii BC " 


u _ 


LDD 


(DE>*-(HL).DE^ DE-l 


t 




HL-HL-LBC-BC-l 


1 ' - ^ 


LDDR • . 


( DE)-mL), DE-^DE-l 




r 

. - ■ 


HL-HL-I. BC-BC-1 

Repeat until BC = i 


« i 


CPI 


A-(HL). HL ^HL+1 


- » 

1 * 


CPIR 


A4HL). HL^HL+l 


A"fHL)^ts 




BC^ -BC-^K Repeat 


the flags only. 




umilBC=,Oor A = tHL) 


A is not affected 


CPD 


AHKL^HL-ilL-l - 




< * 


BC - BC-1 „ < . . ' 


- 


CPDR 

4 
-1 

* 


A-(HL).HL - HL-1 
BC ^8C-K Repeat ' 
until SC=Oor A = fHli) 


■ > 


ADDS 


A A + s ^ ' ^ : 




ADC i 

SUBs' 


A ^ A + s + CY 1^ ' 
A*-A-s i Jt 


CY is the * : 
carry Oarz^ * 


SBCs 


A ^ A - s - CY . i 


s-r,n,{HlJ 


ANDs 


A*- A As 


iJX+e).(TY+e) 


ORs 
XOR s 


A +- A V s ■ ' JE. 
A ^ A * s ■ . ^ 





Mnemonic 



i CPs 

. A, 

j INCd 
: DECd 



Symbotic Operation 



A - s 
^ d + 1 



r 



ADD HL, ss 
ADC HL, ss 
SBC HL, ss 
ADD tX.ss 

ADD 1 Y, ss 

• I 

INCdd 
DEC dd 



DAA 



CPL 
: NEC 
:CCF . 
I SCF ,, 



; NOP \ 

HALT 
DI 

El 

IMO 
]M 1 ' 

1M2 



RLCs 



RLs 



RRCs 



RRs 



SLA s 



SRA£ 



SRLs 



RLD 



RRD 



HL -^-HL + ssT: ^^'^ 
HL^HL + ss+CY 
HL - HL - ss - CY 
IX^IX + ss 



lY-IV + ss 



dd dd+ 1 



dd ^dd' I 



Converts A conients into 
packed BCD following add 
or subtract. 



A A . 

A *-00^A 
CY-CT' 

CY - 1 " 



Commenls 



s = r. n (HL) 
(JX+e), (lY+e) 

d = r. (HL) 
(IX+e), (lY+e) 



SS = BCt DE: 
HL.SP \ 



ss^BC,DE, 
IX, SP 

ss = BC, DE, 
lY, SP 

dd =BC, DE, 
HL, SPJXJY 

ddHBC.DE, 
HLSPJX. lY 



Operands must 
be in packed 
BCDl'ormat 



No operation 
Hall CPU 

Disable Interrupts ^ 
Enable Interrupts 
Set inierrupi mode 
S«t interrupt mode 1 
Set tfiJerrupt mode 2 



80S0A mode 
Call to 003Sh 
Indirect CalJ 




□ 



s 



Ij 1^ 



it\ »Ht Y 



7 * 



I 



i 



7 4 



I 



o 



I *]1 titillLJ 



s^rJHL) 
(IX+e),(lY+c) 



s 



b 
a 

a 



» 4 



3 

< 



W9 

z 

DC 



Mnemonic 


Symbolic Operation 


Comments 


BITb,s 


z-^i: . . 


Z is zero flag 


SETb^s 


1 _ 


s^r.(HL) 


RESb.s 




(IX+e),{[Y^e) 


IN A, (n) 


A^(n) 








r-{C) - - ^ 


Set flags ' - 


INI 'K • ^ 


(HL)*'(C),HL^HL+ 1 




n 

4 J* - - 




B-^-B - 1: ^ * ' 




INIR ' ■ 


(HL)^(C),HL-HL+1 
Repeat uaiO B = 




r 

If 

m 


IND 


(HL)-(CXHL-HL-l 
B B - 1 - , 


„ 


-4' 
i 


INDR 


(HL)^(C),HL-HL- J 
B^-B' I / 

Repeat until B = " . 


t 


^ 'I 
P 


DUT(n), A 


(n) *- A 




f 

-1 • 


OUT(C), r 


(C)-r ' , ■ 




P ■ 


OUT! 


(C)-(HL).HL^HL+ I 
B ^ B ^ 1 i 




*' 


QTIR ' 


(CK (HL). HL ^ HL + 1 




* 


^ • 


B^B-J 

Repeat until B = 






OUTD . 


(C)^ (HL), HL - HL - 1 
B+-B-1 


* 




OTDR 

■ 


(C) ^ f HL), HL - HL * 1 
B^B-I . 

Repeaf until B = 


c 


• * 


* JP nn 


PC *'nn 






JPcCtWI 


If condition cc is true ^ v 




1 Z PE 


f 


PC nn, else continue . 


'CC ' 


1 NC P 


JR e . , ; 


PC+-PC + e \ - 

* ■■ 




I C^^ w 


JRkk,c * 

' * »* 
• 

* 


1 ■ 4 

If condition kk is true 
PC PC"+ e, else coniinu^ 




;•■ 

t z c 


JP(SS) . ! 


PC^-ss 


ss = 


HLJX, lY"^ 


DJNZ e 


B^B-KifB^O 

continue, else PC ^- PC + e 




* - . . 


CALL \m 


(SP-1)-PC„ 




^NZ PO 


L ■ 


(SP-2)<-PCt .PC'i-nn 

■ ■ 




Z P£ 


CALL cc» nn 


If condition cc is false 




NC P 


■ 


continue, else same as 
CALLnn -• | 


■ 


. M 


RSTL 


{SP-l)-«-PCu 


* 






(SP-2) - PC, . PCu *- 
PCl-L 






RET 


PCl *- (SP), 








pCh-(sp+i) ■ : 






RET cc 


If condition cc is false 
continue, else same as RET 




^NZ PO 
Z PE 


RETl 


Return from interruoi 


CC 1 


Nt P 
C M 




same as RET 




RETN . 


* ■ 

Return from non- " 
maskable interrupt ■ 







A.C. Characteristics 



Z80-CPU 



Ta = O'^C 10 TO^^C, Vcc = tSV ± 5%, Unless Otherwise Noted, 



Sin ml 



Vl5 



13! 



IusaR 



RisET 



Symbol 



1 



*DL¥flil> 



CliKk Kitf and IF^U Tini£ 





output Od*3^ . , V ..^ . r,^^ . . : 
AiSd tta 5i iMv Frurn R D ^ R LKi i mp Fival 



□gt4 Uuipui _ 

Data Stiup Tttnt tu Rivng t^lfc ot Clu^L, Durinf 1^3 Cvclfp 



An> Hct^ Tmm fm Srtuf Ti 



ISO 
W 



TTT 
TTT 



rr 



PETO Pf b> from FiUtai ^ 0(ict- ^tREO 
UKIQ DHi) Ftoa Raicf ^ CliKi. 5IIq Hi#i 

Full! Wjdth. itlCFg Low . 



K>KQ Oelcy From Rji»| EdfP rfCocfc.lS ip low 
lORQ Odty From Fajiirg nock . YQ^Q hem 

TSro Qebr Fnm Riuti| f4ft c>f aocfc,i OK<f tf^ 
lOh^ DtUv Frtu Fdlyif e^Ooci. lOkQ Hi^ 



no Df*iy F;i3M FiUifl!; rdfif «f CVrfc. %am- 
Id OtUv Frtjm lUini E4ff o» Clocfc . B D Hif^ 
TtD Deiiv from Filling E4f5f of Dt^^t. HaiJi 



*5 PfUy FrtSw Rami Edff aiick.VR Lo* 

J>li}' From Filiin|. Edfr of Oock, ^ Low ' 
^ Delijr Frmi Filllni E4r Clock. Hi#t 
hiAie Width, Wbm 



^DH (BAJ 



*F*C> 



lil Dtljiv Ff^m Ruin^ Edge oi Clafk^ Ml Uw 
R; Deb^ Ffcwn Rjun^ Ed^ ofCleirk, Ml Htph 



R F5 H De3«^ From Rjiwig E<tte cf Clock- RFSH Low 
ITFSfl titUy From Rjiing f.dgc uf Cluck, ElFSH 



WAIT Srtyp Tim« Ui FiHtrif Fd?e ot Clock 



HALT Dcby Tln» Pfuii Fsllini Ed^c orC1a(;k 



Puhc Width. fiMl Um 



BlfSRQ 5«l0f TiiAt 10 Riil;i( Edpf O^ck 



IpSAlE iJeliy Fmm RiiinR t-d|e flrCJflcJt. BLSftfC Low 
ITMI^ U^liy Fiunt F^ii^s td«r naek. MiSAK Ik^ 



fttSE^ Sfiup Time id R[tiri| Ed^c grciu«k 



Sll Siibk ftJgr Lo lOROCbirrrupt Ack.J 



Mai 



ii:i 



110 



100 



TO 



TOO 



"W 

w 



Tir 



loir 



Unit 



Tffil CoHdltioii 



4UtC 



Hilt: 



aw^ 



flKi 



MCC 



100 



TW 



to 



130 



ISO 



70 



1^0 



100 



120 



I 10 



IIH 



fwc 



ntcc 



njttc 



met; 



loihTd^^"* ^""^ *]r»fMewi*Ht « iht? nay b* mBf nyn^rww villi rofMCt . 
TA»WC Vcc5*SV*i* . ' 




4 » ■ 



1 ■> - • 



a 



1^ W*c^ 
(Si 



1*1 •wmRL)"**"'**' 



not KKwur ^r-^ 



< 4 




A.C Timing Diagram 



Timing measiirements are made at the following ■ 
voltages,. ii|ikss otherwise speciikd: ' ' 



" T 



CLOCK 
OUTPUT 
INPUT , 
FLOAT 



2.0 V 



0- 15 




RD 





I'D if mi 



A-i ..XL 



tl 



J 



J 4 



'ol 



1— "i* 





BUWK 




S IITJ 




pri-r- LUtfl] 






i 4 




RESET 



Absolute Maximum Ratings 



.Temperaiure Under Bisi 
VqU,f<On An> Pin 
Power LhwpiiEit:^ 
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